A 112-day experiment was conducted to evaluate turmeric and vitamin E levels on the productive performance and quality of hen eggs. A total of 432 20-week-old white layers were used, distributed in an entirely randomized design, in a 4 × 3 factor scheme (turmeric extract levels and vitamin E levels), with 6 repetitions of 6 birds per cage. The treatments consisted of four levels of turmeric extract inclusion (0; 0.1; 0.2 and 0.3) and three levels of vitamin E inclusion (0; 50 and 100 IU/kg). Egg quality was evaluated at each 28-day cycle through the variables specific gravity, yolk percentage, albumen percentage, shell percentage and thickness, Haugh unit, yolk index and staining, and production performance: weight, egg production and mass, feed intake, feed conversion (kg/kg; kg/dz), and mortality. The addition of vitamin E alone worsened feed intake, egg weight and feed conversion of layers. Turmeric added to 100 IU of Vit E improved egg mass indices, Haugh Unit and yolk index and intensified yolk staining. The amount of turmeric used in this experiment was not sufficient to improve the performance or egg quality of the birds.
Introduction
In the commercial posture chain, a great diversity of production systems is found to meet the needs of the market, since the consumer has become increasingly aware of the importance of the relationship between diet and health, How to cite this paper: Laganá, C., Saldanha, E.S.P.B., Sartori, J.R., Gonzales, E., Luciano, R.L., Zanatta, G. and Fascina, V.B. which has encouraged researchers and the food industry to develop products enriched with nutrients capable of producing beneficial effects on health.
There has been progress in research aimed at including viable alternative products, such as plant extracts and vitamins, in the diet of layers, which have been shown to have antimicrobial and antioxidant action and promote improvements in animal performance.
Curcumin, the main bioactive component of saffron, has anti-inflammatory, antioxidant, hepatoprotective, antiviral, anti-carcinogenic and hypolipidemic effects [1] . Due to its biological properties, saffron presents itself as a potential substitute for antibiotics that promote growth.
The knowledge and understanding of the levels of incorporation of natural antioxidants in layer feed, as well as the reaction mechanisms and control forms for them, are of great economic importance for the food industry.
The objective was to evaluate the effect of turmeric powder and vitamin E levels on the performance and quality of eggs from light white layers at 20 weeks.
Material and Methods
A total of 432 light layers, Hissex White line 20 weeks old, housed in production cages (100 cm long, 45 cm high and 45 cm deep) with independent front feeders and nipple drinkers were used. The light program adopted was 17 hours daily.
The experimental design was entirely randomized, in a 4 × 3 factorial (turmeric levels × vitamin E levels), totaling twelve combinations with 6 repetitions of 6 birds each. The treatments consisted of four levels of turmeric rhizome powder inclusion (0; 0.1; 0.2 and 0.3) and three levels of vitamin E inclusion (0; 50 and 100 IU/kg) mixed with a basal ration. The birds received water and feed at will during the entire experimental period, which was composed of four cycles of 28 days each. All rations used were isoenergetic, isoproteic and isoaminoacidic, formulated based on corn, soybean meal and wheat according to the nutritional recommendations proposed by [2] for the laying phase and differed only in relation to the addition of supplementary vitamin E and turmeric extract.
The maximum and minimum temperatures were measured with the help of a mini data logger located in a central point of the aviary and were recorded daily at 8 o'clock. The mean temperatures were 22.37˚C ± 2.73˚C and 15.22˚C ± 4.98˚C for maximum and minimum, respectively. Daily mortality data and the number of whole and broken eggs collected were recorded in a proper form. The birds were fed twice a day and during the day the feeders were homogenized several times.
Feed intake (g/bird/day), feed conversion (kg/dz), daily egg production (%/bird/day), mean egg weight (g), egg mass (g/bird/day) and egg mass conversion (kg/kg) were evaluated. At the end of each trial period, the quality of the eggs was assessed by breaking two eggs from each plot. The results were tabulated and analyzed by analysis of variance (ANAVA) of the General Linear Model (GLM) procedure with the help of the SAS statistical program [3] and when significant, the means between treatments were compared by the Tukey test at 5% probability.
Results and Discussion
3.1. Performance [4] concluded in their study that egg production increased (P < 0.05) with the addition of turmeric powder to laying hen diets. According to the authors, turmeric can improve the performance of the digestive tract in laying hens, resulting in improved egg production. [5] showed that turmeric affected egg production, but not egg weight.
In this study, regardless of the addition of turmeric to the feed, in relation to the control group not supplemented, a negative effect of the addition of vitamin E in 100 IU/kg of feed was observed (Table 1) on feed intake, egg weight and feed conversion. Lower feed intake was attributed to the detrimental effect of extra vitamin E supplementation on egg weight and feed conversion results. However, the inclusion of vitamin E in the 50 IU/kg feed did not affect the results of For the variable egg mass, there was significant interaction of vitamin E vs.
turmeric supplementation, obtaining the worst results when 100 IU/kg of vitamin E was added at any level of turmeric inclusion (Table 2) . Although not significantly different from control (P > 0.05), the lower egg mass result with 100 IU/kg supplementation of vitamin E suggests that the negative effect was exacerbated when turmeric was added. This phytogen has in its composition substances with antioxidant action similar to vitamin E, causing, perhaps, a typical toxicity situation of excess intake of fat-soluble vitamins. [6] observed that the addition of extra vitamin E and turmeric supplementation to layer feed did not affect the performance of layers. But there was a significant improvement in intake when the feed was added only with l% turmeric. In the present study, the highest level of turmeric used was 0.3%, 70% lower than that reported by the cited authors. Therefore, the turmeric levels used here, regardless of the inclusion of vitamin E, were considered insufficient to obtain positive results similar to those reported by the authors. However, the association of 100 IU/kg of vitamin E with low levels of turmeric inclusion (0.1% to 0.3%) was considered inadequate for laying hens because it impairs egg mass.
When subjected to heat stress, laying hens [7] and quails [8] [9] supplemented with 250 mg/Kg of vitamin E presented adverse effects of stress on egg production and mass. In the same context, [10] supplemented the layer feed with 60 IU vitamin E and observed positive effects on feed intake and egg production. It is therefore assumed that only under stressful conditions is extra vitamin E supplementation beneficial and necessary.
Regarding the supplementation of turmeric extract, regardless of the inclusion of vitamin E, no effect was observed on the performance of laying hens at peak posture.
The absence of significant influence of phytogenic sources of antioxidants (annato, turmeric, oregano) on the performance of layers is a fact already proven in other studies [1] [11] [12] . However, for broilers, [13] observed an improvement in performance when they supplemented 0.50% of turmeric to the baseline diet. The authors attributed this effect to the presence of active compounds of turmeric that stimulate the antioxidant activity and the synthesis of proteins of the enzymatic system of the bird.
Egg Quality
No significant difference was observed between the treatments regarding the specific gravity of the eggs and the percentages of yolk, albumen and shell.
However, considering the isolated effect of vitamin E, the values of Haugh unit (HU) and yolk index (YI) differed significantly ( Table 3 ).
The eggs of the birds fed with the feed with the highest level of vitamin E pre- 90, independent of the diets used, indicating excellent quality.
There was no isolated effect of turmeric powder, disagreeing with [11] , who obtained positive effects of turmeric supplementation observed in laying hens, which presented higher egg production, higher shell weight, higher percentage of yolk, higher fertility and hatchability, when compared with the control.
There was significant interaction for yolk color ( Table 4 ). The inclusion of turmeric was more efficient as a gem dye when it was included in the diet 100
(IU/kg) of vitamin E.
[1] observed a greater presence of white color in the egg yolks when they replaced 50% of the corn from the layer diet by sorghum and used 2% of dry turmeric rhizome. Also [14] concluded that dry turmeric rhizome was not a good pigment for quail egg yolk staining.
Conclusions
The addition of vitamin E alone worsens feed intake, egg weight and feed conversion of layers. Added turmeric to 100 IU vitamin E helps improve egg mass indices, Haugh unit and yolk index and intensify yolk staining.
Although studies have shown beneficial effects of turmeric/curcumin, the results obtained with the use of turmeric in laying diets were not promising. It is possible that the low bioavailability of curcumin as well as the low concentrations of turmeric rhizome used in this study may have limited the scope of the results. Therefore, further studies are needed to evaluate higher concentrations of turmeric in the diet, as well as to improve the bioavailability of the plant.
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